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[57] ABSTRACI‘ 
A blow-molded bellows of a thermoplastic elastomeric 
material has a generally cylindrical hollow accordion 
type convolution section and ends integral therewith. 
The ends has axial protrusions extending outwardly 
from the central areas of respective ends. Each protru 
sion is connected to an adjacent convolution by an 
integral shoulder which has inwardly concave portions 
and outwardly convex portions. The concave portions 
are adjacent to the parting line, whereas the convex 
portions are remote from the parting line. By this fea 
ture of the bellows, the outermost convolutions of the 
accordion-type convolution section of the bellows can 
be molded into circumferentially substantially uniform 
wall thickness to assure improved operability and heat 
resistant property of the bellows. 

6 Claims, 25 Drawing Figures 
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BELLOWS ACTUATOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a bellows structure 

which is blow-molded from a parison of a thermoplastic 
elastomeric material in a mold cavity de?ned in a mold 
including at least two mold parts which are separable 
apart when parisons are placed in the mold. 

2. Description of the Prior Art 
Bellows elements have conventionally been used as 

actuatorsfor devices such as a damper disposed in an air 
induction system of an automotive internal combustion 
engine. Each bellows has an accordion-type convolu 
tion section and is blow-molded from a parison of a 
thermoplastic elastomeric material. The opposite ends 
of the accordion-type convolution section are closed by 
end sections having axial protrusions integrally formed 
on and axially outwardly extending from the central 
areas of the end sections so as to be engaged with me 
chanical elements to be drivingly connected to the bel 
lows member. The axial protrusions are connected to 
the opposite ends of the accordion-type end section by 
generally annular shoulder portions each having an 
outer surface which extends smoothly and continuously 
in the circumferential direction of the bellows. Due to 
this design of each annular shoulder portion of the prior 
art bellows member, there has been a problem which 
will be discussed in detail with reference to FIGS. 1 to 
6 of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 through 6 illustrate the prior art, wherein: 
FIG. 1 is a fragmentary axial sectional view of a 

parison of a thermoplastic elastomeric material placed 
in a mold cavity and severed from the rest of the mate 
rial; 
FIG. 2 is an axial sectional view of the parison taken 

along line II-II in FIG. 1; 
FIG. 3 is a cross-sectional view of the parison taken 

along line III-III in FIG. 1; 
FIG. 4 is a cross-sectional view of the parison taken 

along IV—IV in FIG. 1; 
FIG. 5 is an axial sectional view of a bellows which 

has just been blow-molded from the parison; 
FIG. 6 is an axial sectional view of the bellows taken 

along line VI—VI in FIG. 5; 
FIGS. 7 through 17 illustrate an embodiment of a 

bellows according to the present invention, wherein: 
FIG. 7 is an axial sectional view of a parison of a 

thermoplastic elastomeric material placed in a mold 
cavity and severed from the rest of the material; 
FIG. 8 is an axial sectional view of the parison taken 

along line VIII-VIII in FIG. 7; 
FIG. 9 is a cross-sectional view of the parison taken 

along line IX—-IX in FIG. 7; 
FIG. 10 is a cross-sectional view of the parison taken 

along line X—X in FIG. 7; 
FIG. 11 is a cross-sectional view of the parison taken 

along line XI-—XI in FIG. 7; 
FIG. 12 illustrates the axial section of the parison 

obtained at the initial stage of the blow-molding pro 
cess; 
FIG. 13 is an axial sectional view of the parison taken 

along line XIII—XIII in FIG. 12; 
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2 
FIG. 14 illustrates the axial section of the parison 

obtained at the intermediate stage of the blow-molding 
process; 
FIG. 15 is an axial sectional view of the parison taken 

along line XV—-XV in FIG. 14; 
FIG. 16 is an axial sectional view of a bellows accord 

ing to the present invention which has just been blow 
molded; 
FIG. 17 is an axial sectional view of the bellows taken 

along line XVII—XVII in FIG. 16; 
FIG. 18 is a partly sectional and partly elevational 

fragmentary view of another embodiment of the bel 
lows according to the present invention; 
FIG. 19 is a fragmentary side elevational view of the 

bellows of FIG. 18 taken along line XIX—XIX in FIG. 
18; - 

FIG. 20 is a fragmentary perspective view of a me 
chanical element to be coupled to the protrusion of the 
bellows shown in FIGS. 18 and 19; 
FIG. 21 is a fragmentary elevational view of a further 

embodiment of the bellows according to the present 
invention; 
FIG. 22 is a fragmentary elevational view of the 

bellows of FIG. 21 taken along line XXII-XXII in 
FIG. 21; 
FIG. 23 is a fragmentary perspective view of a me 

chanical element to be coupled to the protrusion of the 
bellows shown in FIGS. 21 and 22; 
FIGS. 24 and 25 are partial sectional side elevations 

of the embodiment of the bellows of the present inven 
tion shown in and described with reference to FIGS. 7 
through 17. 

Referring to FIGS. 1 to 6 of the drawings which 
show the prior art, a tubular parison 1 of a thermoplastic 
elastomeric material extruded from an extruder (not 
shown) is inserted into a mold consisting of a pair of 
separable mold parts 2 and 3. When the mold is closed, 
the upper and lower end portions la and 1b of the pari 
son 1 are severed from the rest of the material and, at 
the same time, pressed into ?at protrusions, as best seen 
in FIGS. 1-3. Reference numeral 4 designates a parting 
line along which the two mold parts 2 and 3 abut each 
other. The parting line 4 extends along the side edges of 
the ?at protrusions 1a and lb (see FIGS. 2 and 6). The 
part 5 of the parison adjacent to the parting line 4 (i.e., 
adjacent to the side edge of each protrusion) is remote 
from the axis of the parison, whereas the part 6 of the 
parison remote from the parting line 4 (i.e., remote from 
the side edge of each protrusion) is relatively close to 
the axis of the parison. Thus, the distance L1 between 
the part 5 and the bottom 9 of an adjacent convolution 
molding groove 8 in the mold is smaller than the dis 
tance L2 between the portion 6 and the bottom 10 of the 
convolution-molding groove 8. Accordingly, when air 
is introduced into the parison 1 through an air-blowing 
tube 7 to expand the parison into contact with the bot 
toms of the convolution-molding grooves 8 in the mold 
parts 2 and 3 as shown in FIGS. 5 and 6, the part 12 of 
the elastomeric material of the parison 1 which has 
reached the bottom 10 of the convolution-molding 
groove 8 is much more expanded and thinned as shown 
in FIG. 6 than the part 11 of the material of the parison 
which has reached the bottom 9 of the groove 8 as 
shown in FIG. 5. 

Thus, when the bellows is used as a vacuum actuator 
and repeatedly collapsed and expanded in a high tem 
perature environment, the thinned wall portion 12 is 
incapable of self-supporting its initial shape and tends to 
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be inwardly buckled and folded. In order to prevent 
such an inward buckling and folding, the wall thickness 
of the parison must be increased to increase the thick 
ness of the wall portion 12 of the bellows. However, the 
increase in the wall thickness of the parison results in 
the increase in the wall thickness of the portion 11 of the 
bellows, which lowers the operability of the bellows. 
As discussed above, the prior art accordion-type 

bellows has the problem of irregular wall thickness due 
to circumferentially different blow ratios of the thermo 
plastic elastomeric material of the parison in the shoul 
ders between the axial protrusions and the axially oppo 
site ends of the accordion-type convolution section. 
This irregular wall thickness adversely affects the self 
supporting characteristic of the bellows. Moreover, 
another design to assure the self-supporting characteris 
tic of the bellows lowers the operability of the bellows. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
improved bellows structure in which even the outer 
most convolution of the accordion-type convolution 
section has a substantially uniform wall thickness in the 
circumferential direction of the bellows to provide im 
proved operability and heat-resistant property. 
According to the present invention, there is provided 

a bellows blow-molded from a parison of a thermoplas 
tic elastomeric material in a mold cavity de?ned in a 
mold including at least two mold parts which can be 
separated apart when parisons are placed in the mold; 
said bellows comprising: 

a generally cylindrical hollow accordion-type convo 
lution section including a plurality of convolutions for 
causing the axial dimension of the bellows to be 
changed when the interior of the bellows is subjected to 
a variation in ?uid pressure; and 
end sections integral with the opposite ends of said 

accordion-type convolution section, respectively; 
at least one of said end sections having an axial pro 

trusion integrally formed on and axially outwardly ex 
tending from the central area of said one end section, 
and a shoulder interconnecting said protrusion and the 
convolution disposed at one of the ends of said accor 
dion-type convolution section; 

said shoulder including a ?rst portion adjacent to a 
parting line and a second portion remote from the part 
ing line, said first portion being concave as viewed from 
outside the bellows, said second portion being convex 
as viewed from outside the bellows. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

An embodiment of the present invention will now be 
described with reference to FIGS. 7-17 of the draw 
ings. - 

Mold parts 21 and 22 which form a blow-molding 
mold have inner surfaces in which similar grooves are 
formed symmetrically with respect to a parting line 23. 
More speci?cally, the opposed inner surfaces of the 
mold parts 21 and 22 are formed therein with relief 
grooves 24 and 25, respectively, adjacent to the oppo 
site ends of the mold parts. Protrusion-molding recesses 
28 and 29 are formed in each of the mold parts 21 and 22 
inwardly of the relief grooves 24 and 25, respectively. 
Nipping or biting lines 26 and 27 are provided between 
the relief grooves 24 and 25 and the protrusion-molding 
recesses 28 and 29, respectively. A plurality of parallel 
convolution-molding grooves 31 are formed in the inner 
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4 
surface of each mold part between the protrusion-mold 
ing recesses 28 and 29. Each of the grooves 31 is semi 
circular in cross-section. The convolution-molding 
grooves 31 and the protrusion-molding recesses 28 and 
29 in both mold parts 21 and 22 cooperate together to 
de?ne a mold cavity. 
That part 32 of the inner surface of the mold cavity 

which is close or adjacent to the parting line 23, namely, 
that inner surface portion of the mold cavity which is 
adjacent to the edge of the opening of the outermost 
convolution-molding groove 31 in each mold part, is 
convex, as will be seen in FIG. 7. On the other hand, 
that part 33 of the inner surface of the mold cavity 
which is remote from the parting line 23, namely, the 
inner surface portion of the mold cavity which is dis 
posed between the bottom of each of the protrusion 
molding recesses 28 and 29 and the central portion of 
the adjacent convolution-molding groove 31 in each 
mold part is concave, as will be seen in FIG. 8. 
The mold parts 21 and 22 are separated apart to open 

the mold to receive a parison 41 of a thermoplastic 
elastomeric material in the mold cavity. The mold is 
then closed to sever the parison 41 from the continuous 
length of parison of the plastic material by means of the 
biting lines 26 and 27. At the same time, the material is 
pressed in the protrusion-molding recesses 28 and 29 to 
form generally ?at axial protrusions 42 and 43 which 
are integral with the central part of the parison 41 in the 
mold cavity. Before the mold is closed to mold the 
protrusions 42 and 43, an air~blowing tube 44 is placed 
in the opening in the bottom end of the parison 41 so 
that the tube 44 is embedded in the lower protrusion 43 
when the mold parts are moved into abutment engage 
ment with each other. Respective sections of the pari 
son 41 obtained when the mold is closed are shown in 
FIGS. 7 to 11. . _ . 

The preferred material of the parison 41 is polyester 
elastomer, polyole?n elastomer, polyurethane elasto 
mer or soft polyamide. Polyole?n elastomer is most 
preferred. 
When air is introduced through the tube 44 into the 

parison 41, it is expanded radially outwardly ?rst to the 
shape shown in FIGS. 12 and 13, then to the shape 
shown in FIGS. 14 and 15 and ?nally ‘to the shape 
shown in FIGS. 16 and 17. 

It has been a common knowledge in the art that, in 
the shoulder sections which interconnect the protru 
sions 42 and 43 and the opposite ends of the generally 
cylindrical accordion-type convolution section, the part 
51 of the material which is adjacent to the parting line 
23 and is remote from the axis of the parison and rela 
tively near to the bottom 53 of the outermost convolu 
tion-molding groove 31 is expanded at a blow ratio 
smaller than the blow ratio of the parison at its central 
section and the latter blow ratio is smaller than the blow 
ratio of the parison at the part 56 which is remote from 
the parting line 23 and close to the axis of the parison, 
thus the blow ratio of the part _56 being largest. Thus, 
the elastomeric material at this part 51 has been known 
to provide a relatively thick wall when expanded into 
the bottom 53 of the groove 31. However, because the 
mold parts 21 and 22 for molding the bellows according 
to the present invention are provided with convex inner 
surface portions 32 adjacent to the parting line 23, the 
elastomeric material of the parison adjacent to the por 
tion 51 is contacted with and cooled by the inner mold 
surface portions 32 at the initial stage of expansion pro 
cess, as shown in FIG. 12. Accordingly, the material of 
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the parison adjacent to the mold surface portions 32 is 
solidi?ed more quickly than the rest of the material of 
the parison. For this reason, the part of the material 
present radially outwardly of the mold surface portions 
32 is greatly reduced and, when the material is ex 
panded to a diameter greater than the inner diameter of 
the crest 54 of the convolution-molding groove 31, the 
material is stretched to a relatively small wall-thickness, 
as shown in FIG. 14. The material is further expanded 
radially outwardly into the bottoms of the convolution 
molding grooves 31 to thereby form a generally cylin 
drical accordion-type convolution section 55. 
On the other hand, it has also been a common knowl 

edge in the art that, in the shoulder sections intercon-_ 
necting the protrusions 42 and 43 and the accordion 
type convolution section 55, the part 56 of the material 
of the parison which is remote from the parting line 23 
is closer to the axis of the parison and thus more remote 
from the bottom 53 of the convolution-molding groove 
31 than the part 51 of the parison. Thus, the material of 
the parison adjacent to this part 56 is expanded at the 
largest blow ratio. Accordingly, it has been known that 
this part 56 is stretched into a thin-walled section when 
it is expanded to the bottom 53 of the convolution 
molding groove 31. However, because the mold parts 
21 and 22 for molding the bellows according to present 
invention are provided with concave inner surface por 
tions 33 at portions remote from the parting line 23, the 
part 56 of the material of the parison is not contacted 
with the inner mold surface portions 33 and thus is not 
cooled thereby at the initial stage of the expansion pro 
cess, as shown in FIG. 13. Thus, the elastomeric mate 
rial when it is expanded to a diameter greater than the 
diameter of the crest 54 of the convolution-molding 
groove 31 as shown in FIG. 15 is not thin-walled so 
much and is generally as thick as the wall shown in 
FIG. 14. Finally, the material is expanded into the bot 
toms 53 of the grooves 31 to form the generally cylin 
drical accordion-type convolution section 55. 

It will be understood, therefore, that each of the 
shoulder sections interconnecting the axial protrusions 
42 and 43 and the opposite ends of the cylindrical accor 
dion-type convolution section 55 of a bellows thus 
blow-molded according to the present invention has 
concave portions 61 adjacent to the parting line 23 and 
convex portions 62 remote from the parting line 23, as 
best seen in FIGS. 16 and 17. These concave and con 
vex portions 61 and 62 as viewed in the axial direction 
of the bellows are disposed on each end of the bellows 
at angular intervals of 90° and are connected with each 
other by smoothly curved surfaces. 

It will be seen from the foregoing description that 
even the axially outermost convolutions of the accor 
dion-type convolution section of the bellows according 
to the present invention has a substantially uniform wall 
thickness in the circumferential direction of the bellows. 
Accordingly, when the bellows is used as an actuator, it 
provides improved operability and heat-resistant prop 
erty. 

In the embodiment of the invention described above, 
the protrusions 42 and 43 are ?at and provide axially 
extending parallel major surfaces and narrow side faces 
or edges along which the parting line 23 extends. How 
ever, the protrusions may alternatively be of circular 
cross-section, as shown in FIGS. 18 and 19. Namely, the 
protrusion shown in FIGS. 18 and 19 is hollow and 
comprises cylindrical smaller diameter portion 63 and 
larger diameter portion 64. The smaller diameter por 
tion 63 is adapted to be drivingly connected to a me 
chanical element 65 in such a manner that the portion 63 
is moved in a direction indicated by an arrow A in FIG. 
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6 
20 and urged against a pair of opposed resilient lips 66 to 
resiliently outwardly deform or separate the lips away 
from each other until the portion 63 of the protrusion is 
snapped in a notch or opening 67 formed in the mechan 
ical element 65 inwardly of the lips 66. 
The ?at protrusions of the bellows may be provided 

with transverse grooves 68 for engagement with a me 
chanical element to be connected to the bellows, as will 
be seen in FIGS. 21 and 22. In this modi?cation, the 
protrusion is moved in a direction indicated by an arrow 
B in FIG. 23 and urged against a pair of resilient lips 70 
on a mechanical element 69 to resiliently and outwardly 
deform or laterally separate the lips away from each 
other until the grooved portion of the protrusion of the 
bellows is snapped into an elongated notch 71 in the 
mechanical element and engaged with the side edges 72 
of the notch. 

Further, alternatively, the flat protrusions may be 
provided with openings 73 and 74, respectively, for 
engagement with mechanical elements to be connected 
to the bellows, as shown in FIGS. 24 and 25. The open 
ings 73 and 74 can easily be formed in the protrusions by 
punching or drilling them. 
What is claimed is: 
1. A bellows blow-molded from a parison of a ther 

moplastic elastomeric material in a mold cavity de?ned 
in a mold including at least two mold parts which can be 
abutted or separated apart when parisons are placed in 
the mold, the line of abutment forming a parting line 
between the mold parts; said bellows comprising: 

a hollow accordion-type convolution section, includ 
ing a plurality of convolutions lying between axi 
ally opposite ends of said convolution section, for 
causing the axial dimension of the bellows to be 
changed when the interior of the bellows is sub 
jected to a variation in ?uid pressure; and 

end sections integral with the opposite ends of said 
accordion-type convolution section, respectively; 

at least one of said end sections having an axial pro 
trusion integrally formed on and axially outwardly 
extending from the central area of said one end 
section, and a shoulder interconnecting said protru 
sion and the convolution disposed at one of the 
ends of said accordion-type convolution section; 

said shoulder having circumferentially alternating 
concave and convex portions located along a cross 
section de?ned by a plane perpendicular to the 
longitudinal axis of the bellows, the center of each 
portion being generally 90 degrees apart from its 
adjacent portion. 

2. A bellows according to claim 1, wherein said pro 
trusion is substantially flat and provides side edges, and 
wherein said parting line extends along said side edges. 

3. A bellows according to claim 2, wherein said flat 
protrusion is formed therein with at least one opening 
for engagement with a mechanical element to be driv 
ingly connected to said bellows. 

4. A bellows according to claim 2, wherein said ?at 
protrusion is provided with at least one groove formed 
in a surface thereof for engagement with a mechanical 
element to be connected to said bellows. 

5. A bellows according to claim 1, wherein said pro 
trusion is provided with an annular groove formed in 
the peripheral surface of said protrusion, said groove 
being adapted to be engaged with a mechanical element 
to be connected to said bellows. 

6. A bellows according to claims 1, 2, 3, 4, or 5, 
wherein said bellows is of the type that is axially col 
lapsible when subjected to a vacuum. 

* * 4‘ * * 


